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(54) Improved power management circuit 



(57) An improved power management circuit for 
regulating current on a loop converts a high voltage, low 
current loop circuit to a low voltage source for devices 



associated with the loop. Additionally, the improved 
power manager provides a port for frequency shift key 
(FSK) transmit and receive signals. 
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[0001] In general, two wire, low current loop circuits are used with a variety of devices, for example, flow measurement 
devices. These loop circuits typically include a loop current regulating .circuit which varies the current in the loop 
generally from 4 to 20 mA, according to a signal received from the associated device.' For example when the loop 
circuit is used with a flow measurement device, such as a flow meter in a typical process control loop the flow meter 
provides a signal ranging from 4 to 20 mA which represents the measured flow rate. This signal is then provided to a 
controller, which compares the signal received from the measurement device to a signal which represents a desired 
flow rate, or "set point." The controller calculates a corrective signal (which also may be a 4 to 20 mA signal) that is 
output to a control device such as a control valve. The control device exerts an influences the process in response 
to the received corrective signal to bring trie process to the desired flow rate. 

[0002] The device connected to the loop circuit may include various electronic components such as a microprocessor 
or display device. It is desirable to power these electronic components via the loop circuit, rather than powering the 
electronic components via a separate power circuit, thereby reducing installation and maintenance costs However, 
these electronic components generally require high" current, low voltage as opposed to the low current high voltage 
typically supplied by the loop circuit. Moreover, the electronic components of the associated device often communicate 
digitally over the loop circuit via Frequency Shift Key ("FSK") signals. Using the 4 to 20 mA circuit for communication 
further reduces wiring requirements, in turn providing additional cost reductions. Several FSK protocols exist including 
the HART protocol or other protocols which modulate the loop current at audio frequencies. Accordingly, efficient low 
powered power management components aire needed to regulate the distribution of energy to the electronic compo- 
nents without introducing noise onto the loop circuit that can interfere with the digital communication or presenting a 
complex impedence to the transmitting source wh'ich may attenuate or distort the signal. 

[0003] Figure 1 illustrates a typical prior art loop current regulating circuit 100. The prior art loop current regulating 
circuit 100 is connected between positive loop voltage +LOOP and negative loop voltage -LOOP The loop current 
regulating circuit 100 includes a current control circuit 112 and a current compare circuit 113. The current compare 
circuit 113 senses an actual current on the loop and compares it to a current demand signal 114 received from an 
associated device (not shown). The demand signal 11 4 provided by the associated device is in response to a sensed 
process variable. For example, for an associated device which measures the flow rate of a fluid such as a flow meter, 
the demand signal provided to the current compare circ uit 11 3 repres ents the sense d flow rate^The currentxompare- 
-circuit-113-then-signals-the-current-contr6l circuit 112 to increase or decrease the loop current to meet the current 
demanded by the current demand signal 1 1 4. The current control circuit 1 1 2 utilizes a linear shunt regulator to vary 
the current in the loop in accordance with the signal received from the current compare circuit 113 and to form a pre- 
regulator circuit for controlling start-up functions at initial application of power. 

[0004] The linear shunt regulator includes a transistor 115, a zener diode 116, and a resistor 117. The transistor 1 1 5 
operates linearly and becomes more or less conductive based on the signal from the current compare circuit 113 If 
the loop current needs to be increased, the transistor 115 becomes more conductive. As the transistor 15 becomes 
more conductive, the voltage at node 118 increases. When the voltage at node 118 reaches approximately 7 volts the 
zener diode 116 will turn on. At this point, all current in excess of the demanded loop current will sink to ground throuqh 
the zener diode 116. • '- ' 

[0005] However, the prior art loop current regulating circuit 1 00 provides inexact current control at best In the prior 
art circuit only one active device is utilized and the path to ground' is not controlled by the active device Rather, the 
path to ground is through the zener diode 1 1 6 and therefore, is only indirectly controlled. Thus, precise current control 
is not possible. Moreover, the current control of the loop current regulating circuit 100 is not smooth, because of the 
abrupt nature of the linear shunt regulator: the zener diode 116 is either on or off. Another problem created by the prior 
art circuit is that the current control circuit creates a complex impedance. This complex impedance can distort FSK 
signals, if the circuit is used with a device that transmits and receives FSK signals over the loop circuit ir the digital 
communications signals cannot be reliably transmitted and received over the loop circuit, the cost advantage gained 
through reduced wiring is lost. " 
[0006] Further, it is desirable to power peripheral electronics of an associated device from the loop circuit 100 at 
node 118. However, the prior art loop current regulating circuit 100 causes several problems when used to provide 
power to an associated device. First, the power drain is great due to the loss associated with the zener diode 116 
Thus, the prior art loop current regulating circuit 100 is very inefficient. Additionally, the maximum power provided to 
any associated device is limited, because the voltage at node 118 is limited to a maximum of approximately 7 V by the 
zener diode 116. Therefore, the loop current regulating circuit 10 provides poor power amplification. Moreover, if FSK 
signals are transmitted and received using the prior art circuit, noise can be introduced onto the loop by the FSK circuits 
connected to the loop current regulating circuit 100, which regulates power to the associated device 
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[0007] Finally, devices employed on low current loop circuits are often used in hazardous areas where electrical 
energy or sparks could cause disastrous ignition of surrounding explosive gasses or particles. Accordingly, the power 
management components must be designed to meet the standards set forth for an Intrinsically Safe device. Such 
devices receive their operating voltage through energy limiting barriers, and must be specially constructed to reduce 
s or eliminate electrical discharges capable of causing combustion of the surrounding materials. 

[0008] Thus, a need exists for an improved power management circuit that overcomes the referenced and other 
limitations of prior art power management circuits. 

summary of the Invention 

[0009] ' The present invention overcomes the described and other limitations of traditional power management circuits 
by providing ah improved power management circuit. In one aspect of trie invention-, a. loop current regulating circuit 
produces a demanded current in a loop current circuit that 'contains an actual current and provides power to an asso- 
ciated device. The power management circuit includes a current compare circuit which, receives a demanded current 

is signal and compares the actual current to the demanded current signal and produces a control signal. An active upper 
device receives the control signal and conducts based on the control signal to produce the demanded current. An 
active lower device receives the control signal and conducts based on. the control signal to produce the demanded 
current. A voltage is produced at an intermediate node where the active" upper device and the lower device are elec- 
trically coupled, and the voltage at the intermediate node is able to float to the voltage necessary to provide the de- 

20 manded current. '. 

[0010] In another aspect of the current invention, the loop current regulating circuit includes. a receive FSK circuit 
and a transmit FSK circuit coupled to the loop current circuit.' In" yet : another aspect of the invention, a power regulating 
circuit is further included which receives the voltage from the intermediate'node and outputs at least one lesser voltage 
to an associated device. 

25 [0011] In another embodiment of the invention, a'methocf of creating a demanded current in a loop current circuit 
containing an actual current comprising the steps of sensing the actual current oh the loop current circuit, comparing 
the actual current to a signal representation of the demanded current, and creating a control signal from a comparison 
of the actual current and the signal representation. of .trie > demanded current. Further, the method of the. invention 
includes creating a demanded current by controlling an, 'uppe'r active device and a lower device with the control signal 

30 such that voltage at an intermediate node between the upper active device and the lower device can vary as necessary 
to attain the demanded current. In another jaspect.' the 'method.also includes stepping down the voltage at. the inter- 
mediate node and supplying the voltage to ah associated device. 

BRIEF DESCRIPTION OF THE DRAWINGS f . : . 

35 ' ' ' ' ' '" ' \ 

[0012] Figure 1 illustrates a simplified prior art Ipofi • current .control circuit. 
[001 3] Figure 2 illustrates an overview of the powe/management circuit of the present invention. 
[0014] Figure 3 illustrates a simplified embodiment of the loop current regulating circuit of the present invention, 
highlighting the current control circuit. • ^ " '_', '. 'J "'' ' . 
40 [0015] Figure 4 illustrates a simplified embodiment of the loop current regulating circuit of the present invention, 
highlighting the current compare circuit. ; s . , „ , ; 

[0016] Figure 5 is a schematic diagram of ia^'exeri^lary'^^^iment of the loop current regulating circuit. 
[0017] Figure 6 illustrates a simplified emb^imeht of. the power regulating circuit of the present invention.. 
[0018] Figure 7 illustrates a circuit diagram of an exemplary embodiment of .the power regulating circuit. 
45 [0019] Figure 8 illustrates a circuit diagram of an embcdimeni of the power fail detect delay circuit of the present 
invention. 

[0020] Figure 9 illustrates a circuit diagram of an embodiment of the FSK receive circuit of the present invention. 
[0021] Figure 10 illustrates a circuit diagram of'an embodiment of the loop EMC filter and intrinsically safe protection 
circuit Of the invention. 

so 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] Turning to the drawings and in particular, to Figure 2, an exemplary power management circuit 300 in accord- 
ance with the present invention is illustrated. In general, the power management circuit 300 includes an improved loop 
55 current regulating circuit 200 connected between positive loop voltage +LOOP and negative loop voltage -LOOP, an 
FSK receive circuit 302 coupled between +LOOP and an associated device 308, a power regulating circuit 220 con- 
nected between the loop current regulating circuit 200 and associated device 308, and a power fail detect delay circuit 
304 connected between power regulating circuit 220 and loop current regulating circuit 200. Associated device 308 
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may include peripheral electronic devices; an exemplary embodiment includes a microprocessor 309 and a liauid 
crystal display (LCD) 310. Examples of other peripheral electronics include memory devices such as flash read on lv 
memory (ROM) and static random access memory (RAM). ' en . as nasn readonly 

[0023] In an embodiment ol the invention, the associated device 308 is an instrument tor measuring a process var- 
iable, such as a flow meter. In alternate embodiments, the associated device 308 may comprise a pressure or level 
transducer, for example. Associated device 308 generates a current demand signal VIDMD corresponding to a meas- 
urement of the process variable which is input to the loop current regulating circuit 200. The improved loop current 
regulat.ng c.rcurt 200 functions to control the loop current in response to current demand signal VIDMD such that the 
oop current represents the measurement of the process variable. For. example, in a typical process control loop the 
loop current ranges from 4 to 20 mA. Thus, for an associated device 308 such as a flow meter a loop current of 4 mA 
may represent a minimal measured flow rate, while a loop current of 20 mA may represent a maximum flow rate , 
[0024] As discussed .n the Background of the Invention section herein above, it is desirable to power the associated 

Tru«™fJZ^ eT 1 d6V , iCeS ^ the u'°° P C " CUit - H ^ ce ' the P° wer plating circuit 220 of power management 
c.rcurt 300 further functions to convert the high voltage, low current loop power to.the low voltage, high currenfpower 
source required by the peripheral electronics. In the exemplary embodiment of Figure 2, the power management circuit 
300 converts the 4 to 20 mA loop at 24 volts (nominal) to a 3.3 volt power source forthe microprocessor 309 In addition 
the power regulating circuit 220 provides +5 volts for the LCD display 310. 

[0025] Further, modulating communications to and from associated device 308 on the 4 to 20 mA loop rather than 

20 P T? ? 9 3 S6 ! arate Pair ° f Wir6S SOtely f ° r 6ommunicati °ns Educes the amount of wiring necessary, in turn reducing 
jnstallat.on and maintenance costs lor a typical implementation of a process control loop. Thus, the associated device 
308 transmits and receives digital communicationsVia FSK signals over the 4 to 20 mA loop. The FSK receive circuit 
302 extracts the digital communications signal FRCV from the +LOOP and provides it to the associated device 308 
Transmitted digital communications FXMT are provided from the associated device 308 to the loop current regulating 
circuit 200, which modulates the FXMT signal onto the 4 to 20 mA loop. gu'aung 
2S [0026] The exemplary power management circuit' 300 also includes a power fail detect delay circuit 304 which is 
used to increase the power supplied by the loop current regulating circuit 200 to the power regulating circuit 220 when 
he power regulating circuit 220 indicates that its load is drawing more power than it is receiving. Further.-the power 
fail detect delay c.rcurt 304 will alert the microprocessor of the associated device 308 that the power regulating circuit 
220 is not receiving enough power. 
30 [0027] Referring now to Figure 3 and Figure 4, the improved loop current regulating circuit 200 in accordance with 
?™ ent ' nvent '° n is illustrated - The '^P^'Ifnt^uJatjr^ir^^ 

— + LOO&and negative-loop voltage-LOOR and includes a curferit compare circuit 202 and a current control circuit 204 

The mam components of the current control circuit 204 are.shbwn in Figure. 3. and Figure 4 illustrates the functional 
areas of the current compare circuit 202. The current compare circuit 202 senses the actual current on the loop and 
compares rt to a current demand signal VIDMD which is received from associated device 308. Based on the comparison '' 
between the actual loop current and the current demand signal VIDMD, a control signal is generated and sent to the 
current control c.rcurt 204. The current control circuit 204 regulates the current in the loop circuit based on the control 
signal received from the current compare circuit 202 ' ' 

[0028] An upper active device 206 and a lower active device 208 are at the' heart of the current control circuit 204 ' 
jnustrated ,n Figure 3. The upper active device 206 has ah input node 210. an output node 211 , and a control node' 
212, and the lower active device 208 also has ah input node 213, an output node 214, and a control node 215 Both 
he upper active device 206 and the lower active device 208 operate linearly. In one embodiment of the present invention 

l™ P % aCtiVS deVi ° eS 206 and 208 are metal oxide' semiconductor (MOS) field effect transistors (FET) 

[0029] The upper active device 206 is controlled via the control signal from the current cbmpare circuit 202 at the 
control node 212. The lower active device 208 is controlled via' the cohtldl signal from the current compare circuit 202 
at he control node 215. Because both active devices 206 and 208 operate linearly, the active devices 206 and 208 
will conduct more or less depending on the control signal from the' curreht compare circuit. The upper and lower active 
dev.ces 206 and 208 are biased such that when the upper active device 206 and the associated device 308 (and 
peripherals) cannot satisfy the current demand, the lower active device 208 conducts: When the lower active device 
^08 conducts, current is sunk to ground at output node 214. 

[0030] Power is provided to power regulating circuit 220 at intermediate node 218. Intermediate node 218 is formed 
between the output node of the upper active device 206 and the input node 21 3 of the lower active device. Because 
the lower active device 208 is utilized to sink current to ground, the voltage at intermediate node 218 is allowed to float 
Therefore, the voltage at intermediate node 218 is allowed to reach whatever voltage is necessary to provide the 
demanded current and is not held at an artificial voltage as with the prior art. This configuration affords for a smooth 
control of current. Moreover, onk- as much current as is necessary is sunk to ground using the lower active device 208 
thereby providing an efficient circuit. Additionally, the control of the current utilizing the current control circuit 204 is 
much more precise than the prior art circuit shown in Figure 1 
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[0031] Figure 4 illustrates the major components of the current compare circuit 202 of loop current regulating circuit 
200. As explained above, the loop current regulating circuit 200 is made up of the current control circuit 204 and the 
current compare circuit 202. The current compare circuit 202 includes a loop current sense circuit 501 , a current demand 
buffer 502, a summing junction 505. and a control integrator 503. 

5 [0032] The current received from the low current source -LOOP is sensed by the loop current sense circuit 501 . The 
current demand signal VIDMD from associated device 308 is buffered in .the current demand buffer 502. The current 
demand signal VlDMD represents the desired loop current. The sensed current from the loop current sense circuit 501 
is compared to the current demand signal VIDMD at summing junction 505, which generates an error signal that is 
output to the control integrator 503. The control integrator 503 receives the signal f rom the summing junction 505 and 

10 the transmit FSK signal FXMT from the associated device 308. The transmit FSK signal FXMT and the signal from 
summing junction 505 are integrated by control integrator 503. The output of control integrator 503 is input to the current 
control circuit 204 .''which adjusts the loop current accordingly. Further, the current control circuit 204 supplies power 
to the power regulating circuit 220 and as necessary dissipates excess power to ground. . 

[0033] An example circuit layout for loop current regulating circuit 200 is shown in Figure 5. The loop current sense 

'5 circuit 501 includes a sense resistor 602, which may comprise two resistors in parallel. All current is forced through 
the sense resistor 602 because one side of the loop sense resistor 602 is connected to -LOOP voltage and the other 
side is connected to local ground 606, which creates a voltage that is supplied to summing junction 505 through resistor 
608. The other input to the summing junction 505 is the output of the current demand buffer 502 through a resistor 
614. The current demand buffer 502 includes a capacitor 610, an operational amplifier 611 and a resistor 612. The 

20 result is the voltage across the sense resistor 602 being the same as the current demand voltage, but of negative 
polarity. In the exemplary embodiment illustrated in.Figure 5, the yiDMD signal originates in a digital to analog converter 
circuit (not shown) on the associated device 308 'microprocessor. 309 circuit board. It is scaled and biased to create a 
loop current ranging from 3.85 mA to 24.7 mA. .': . 

[0034] A filter comprising a capacitor 616, a resistor 618 and a capacitor 620 is coupled to the summing junction 

25 505, and operates to filter the VIDMD signal as output from summing junction 505 and to maintain smooth control, 
transient voltage rejection and proper impedance to the FSK signals. The control integrator 503 includes an operational 
amplifier 622, a capacitor 623 and a resistor 624. At the junction 625 formed by resistor 626 and resistor 627/capacitor 
628, the FSK transmit signal FXMT is injected onto the filtered signal "received from the summing junction 505 and 
both are input into the operational amplifier 622 of the control integrator 503. 

30 [0035] The output of the control integrator 503 is connected to the base ot a reach up active device 630. In the 
embodiment illustrated in Figure 5, the reach up active'deyice 630 is ah.NPN transistor. As the control signal output 
from the control integrator 503 increases, transistor 630 increasingly conducts, causing its collector voltage. to go low. 
The collector of transistor 630 is coupled to control nodes 21 2 and 21 5 of upper and lower active devices 206 and 208, 
respectively. In the embodiment of Figure 5 : upper and jower r active devices 206 and 208 comprise P-channel en- 

35 hancement metal oxide semiconductor field effect transistors (E.-MOSFET), with control nodes 212 and 21 5 comprising 
the gates of MOSFETs 206 and 208, respectively.. The low at the collector of transistor 630 pulls down the gate 212 of 
upper active device 206 and the gate 215 lower active device 208. The reach up active device 630. upper active device 
206, and lower active device 208 operate linearly, Thus, as the collector of the reach up active device 430 goes lower, 
the control'nodes 212 and 215 Of the upper active device 206 and lower active device. 208 are pulled down. In turn, 

40 when the control signal output from the control integrator .503.decreases. the reach up active device 630 conducts 
less: causing the' upper active device 206 and the 'lpvi«r*apiifyq : cleyice 208 to conduct less. ' 

[0036] ' The control node 212 of the upper active device" 206 is pulled up by . a resistor 450 and is protected from 
excessive voltage by a zener diode 452. The gate of the Jpwe.r active device 208 is pulled up by a resistor 456 and is 
automatically protected against excessive voltage drop by the combination of zener, diode 452 and an emitter resistor 
45 457 of the transistor 630. A capacitor 458 is connected inparallel with the emitter resistor 457 in order to create a zero 
in the response of the loop circuit. A source resistor 448 of the lower active device 208. adds some negative feedback 
to the lower active device 208. ...... 

[0037] To summarize the operation of the loop current regulating circuit .200 as embodied in Figure 5, if the current 
through the loop current sense circuit 501 decreases, the voltage across it becomes less negative (with respect to 
so ground), which causes the summing junction 505 to go positive, as does the control integrator 503 output. This increases 
conduction through reach up transistor 630 causing its collector voltage to decrease. The upper active device 206 
admits more loop voltage and, if necessary, the lower active device 208 sinks more current. Current increases through 
sense resistors 602 and 604, causing the input to summing junction 505 to go negative which restores the balance at 
summing junction 505. 

55 [0038] Referring now to Figure 6, the primary components of power regulating circuit 220 are illustrated in a simplified 
block diagram. Power regulating circuit 220 includes a linear regulator 644 and a switching regulator 646. Loop voltage 
is presented to linear regulator 644 and switching regulator 646 from the current control circuit 204 through a filter 647. 
Additionally, positive loop voltage +LOOP is supplied to linear regulator 644. In an embodiment of the invention, power 
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regulating circuit 220 provides the required low voltage, high current supply for the microprocessor 309 and LCD 310 
of associated device 308, and additionally powers the low power detect delay circuit 304. In the exemplary embodiment 
illustrated in Figure 6. the power regula'ting circuit" 220 provides, inter alia, a high current supply voltage Vcc of 3 3 
volts for microprocessor 310. This conversion from the low current, high voltage 4 to 20 mA loop occurs in the switchina 
regulator 646, and a mathematical example, of the conversion is as follows: 

[0039] Loop voltage = 23 volts, and Loop current = 4 mA (worst case). .Thus, power available = 0.092 watts: 

Power = voltage' current =23 volts* 4 mA = 0.092 watts 

A switching regulator such as switching regulator 646 of the embodiment illustrated in Figure 6 typically is about 75% 
effic.ent, therefore, realized output power is about 0.069 watts (0.092 * 0.75). For a Vcc of 3 3 volts the available 
current is 20.9 mA: '. ' 



is 



Current = Power/voltage = 0.069/3.3 - 20.9 mA 
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[0040] An exemplary circuit layout of power regulator circuit 220 is illustrated in Figure 7. In the exemplary embod- 
iment of Figure 7, an LT1120A Micropower Regulator from Linear Technology is used as the linear regulator 644 The 
pin functions for the exemplary linear regulator 644 are as follows: ■• 



Pin 


' : Function 


1 .', 


ground 


2- 


. feedback 


3, 


shutdown ; (not used) 


4 . 


: main output 


5 


input supply 


6 


2.5 v reference 


7 


comparator output 


8 


_cdmparatbr-inf3ut- 





[0041] The (.near regulator 644 receives the ,+LO.OP voltage through a filter formed by resistor 662 and capacitor 
664 as its input supply. The linear regulator 644 provides an output +VLCD of 5 volts, which powers LCD 310 of 
associated device 308 and the low power defect delay circuit 304. The output of the linear regulator 644 is filtered by 
a capacitor 666. The linear regulator 644 output +VLCD is fed back through resistors 667 and 668 and a capacitor 669 
[0042] The linear regulator 644 includes a 2.5 vdtt reference source, and an open collector voltage comparator. The 
voltage comparator which may be used to detect when input voltage is. below a predetermined level The voltage 
created in loop current regulating circuit 200 at intermediate node 2.18 is passed through a filter 647 comprising a 
resistor 635, capacitors 636, 637. 638 and 639, and inductors 640 and 641 and provided to the linear regulator 644 
comparator mput through a resistor 643. If the input voltage falls, below the predetermined level the linear regulator 
644 comparator output provides a shut down signal SHTDWN which may be fed back to the switching regulator 646 
through a diode 671 to shut it down. If the shut down signal SHTDWN signal is used, it is also fed back to the linear 
regulator 644 through resistor 670. 

[0043] The voltage from intermediate node 218 is passed through filter 647 to the switching regulator 646 In one 
embodiment, the switching regulator 646 is a Linear Technology LT1111 Micropower DC/DC Converter The pin func- 
tions for the exemplary linear regulator 644 are as follows: 



so 


Pin 


Function , 




1. 


current limit 




2 


input supply voltage 




3 


collector of internal power transistor 


55 


4 


regulator output 




5 


ground 




6 


comparator output 




1 


comparator input 
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(continued) 


Pin • 


Function 


8 


feedback 
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[0044] Fitter 647 prevents transients from getting into switching regulator 646 and also prevents switching and load 
transients from being reflected into the 4 to 20 mA loop. The voltage from the filter 647 provides the input supply voltage 
and is also supplied through a resistor 642 to the current limit input: Moreover, capacitors 636, 637, 638, and 639 of 
filter 647 store energy received from node 218. This energy can be used by the switching regulator 646 if the power 
provided by the current control circuit 204 is. insufficient for. the load of :the switching. regulator 646. 
[0045] An internal voltage comparator of the switching, regulator 646 is used to ensure that the input voltage from 
the current control circuit 204 is sufficient. The voltage comparator of the switching regulator 646 compares the voltage 
between resistor 674 and resistor 672 with the internal reference voltage (1.25 volts) of switching regulator 646. A 
small positive feedback to prevent oscillation is provided to the comparator by a resistor 680. If the voltage at the input 
of the switching regulator 646 falls below approximately 9.6 volts, the output of the switching regulator 646 comparator 
goes low. When the output of the comparator goes low, a power fail warn signal *PFW is asserted which acts as an 
interrupt to the microprocessor of the associated device 308. The resistor. 678 acts as pull up resistor for the power 
fail warn signal *PFW. ; i :. 

[0046] The output of the switching regulator is snubbed by a Schottky.diode 682 and filtered by an inductor 684 and 
a capacitor 686 to create a voltage +VS. This voltage +VS is input back into the feedback input of the switching regulator 
646 via a divider formed by a resistor 692 and a resistor 694, which are scaled to cause +VS to be +3.3 volts. The 
voltage +VS is filtered by an inductor 688 and a capacitor 690, resulting' in the desired voltage +VCC of" 3.3V. The 
voltage +VCC is then used to power the microprocessor and other electronic circuits of the associated device 308. 
[0047] Referring now to Figure 8, an embodiment of the power fail detect delay circuit 304 is shown. The'power fail 
wam signal *PFW from the switching regulator 646 is input into a comparator 702. The comparator 702 compares the 
power fail warn signal *PFW with the reference voltage VR2 of the linear regulator 644. If *PFW is asserted (low), then 
the output of the comparator 702 goes low. This discharges a capacitor 704 through a resistor 706 and a zener diode 
708. Resistor 710 is short circuited by diode 708. In.,an,.embpdiment of the invention, one half of an LMC6762 dual 
comparator provides the comparator 702. . .... 

[0048] The capacitor 704 is connected to a Schmidt Trigger 71 2 comprised of a comparator 71 4, a resistor 716, and 
a resistor 718. In the embodiment illustrated in Figure 8-, one half of -an LMC6762 dual comparator provides the com- 
parator 71 4 for the Schmidt trigger 712. The output of the comparator 714 is connected to a transistor 720 and through 
a resistor 724, to a NAND gate 722. An emitter'resistor 72lMs coupled between the transistor 720 and ground. When 
the capacitor 704 discharges, the output of the comparator 71 A goes, high. Because the capacitor 704 takes about 5 
milliseconds to discharge, the comparatdr 714 gbes'hijjh approximately 5 milliseconds after *PFW is asserted. This 
turns on the transistor 720 and asserts a START sighai. At the'same'time, a power force signal *PWRFRC is asserted 
(low) through the NAND gate 722. ' 'j ! "7 

[0049] The START signal is input into the loopeurfenf regulating circuit 200 (see Figure 2 and Figure 5) and causes 
loop current regulating circuit 200 to'adrnit the maximum 'voltage to the switching regulator 646, as explained more 
fully below. The power force signal *PWRFRC informs the microprocessor 309 of the associated device 308 that power 
is forced on and therefore the current loop is iinc^ir^lY^(^^]1iiTiited to approximately 25 mA). 
[0050] As the voltage rises at the input of the ^t^n^regujafor 646. it is sensed by the comparator of the switching: 
regulator 646 and *PFW is turned off (high): the compjarator 702 of the power fail detect delay circuit 304 senses this 
and begins to charge the capacitor 704 through the resistors 71 0 and 706. The zener diode 708 is now biased off. The 
capacitor 704 takes about 50 ms to charge beyond the trigger level of the Schmidt trigger 712. Once the charge rises 
above this trigger level, START and *PWRFRC are negated. Control of the loop current is then passed back to the 
microprocessor 308 of the flow associated device 308. 

[0051] If the load of the switching regulator 646 draws more current than the current demand signal VIDMD permits, 
the upper active device 206 conducts less and begins to starve the switching. regulator 646 of voltage. The switching 
regulator 646 is then forced to run on the charge stored in the three capacitors 638, 639, and 640 of filter 647 (illustrated 
in Figure 7). A continued over current condition may cause the input voltage to the switching regulator to fall to the 
level required to trip the power fail warn signal *PFW. As explained above, the power fail warn signal *PFW acts as an 
interrupt to warn the microprocessor 309 of the associated device 308 of the overcurrent condition. When the power 
fail warn signal *PFW is asserted for approximately 5 ms, the power fail detect delay circuit 304 will assert the signals 
START and *PWRFRC : as described above. Asserting START will force the upper active device 206 (best illustrated 
in Figure 5) to admit the maximum voltage to the input of the switching regulator 646 until approximately 50 ms after 
*PFW is negated. The lower active device 208 is isolated from the START signal by the diode pair 654. 
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[0052] Refarrmg back to Figure S. when the load of the switching regulator 646 does not draw enough current to 
utilize all of the demanded loop current, the voltage at the collector of reach up active device 630 willdecrease qraduallv 
turning on the lower active device 208. The lower active device 208 then begins to sink the excess current until the 
current demand is satisfied. For example, if the demanded loop current is 20 mA and the switching regulator is only 
drawing 17 mA, the excess 3 mA will be dissipated to ground by the lower active device 208. A drain resistor 660 of 
the lower active device 208 aids in the dissipation of power. A source register 448 adds some negative feedback to 
the lower active device 208 and helps to provide a smooth crossover between the conduction of the upper active device 
206 and the lower active device 208. - ' 

[0053] Controlling an active device such as the lower active device 208 with .the reach up active device 630 allows 
the d.ssipation of excess power only when' necessary. When not required to sink current, the lower active device 208 
conducts only a small amount. Thus, power is not wasted as with the prior art linear shunt regulator shown in Figure 
1 , where the zener diode 116 caused the dissipation of power when the breakdown voltage of approximately 7 V was 
reached at node 118. Moreover, the vottage at node 218 of the loop current regulating circuit 200 is allowed to float to 
the voltage necessary to provide the demanded current and permit maximum voltage to the switching regulator 646 
In the prior art current control circuit 100 of Figure 1 , the voltage at node 118 is held at the artificial breakdown voltage 
of approximately 7 volts by the zener diode 116. Further, the impedance provided by the current control circuit 204 
appears to the transmitting source as a standard RC impedance, unlike the complex impedance caused by the prior 
art current control circuit 11 2 of Figure 1 . This standard RC impedance will not distort the FSK signals as the comolex 
impedance of the prior art can. 

[0054] Referring now to Figure 9, the FSK receive circuit 302 receives the FSK signal from the +LOOP voltage The 
FSK signal .s filtered off the current loop at +LCOP voltage by a capacitor 691 , a resistor 693, and a capacitor 695 A 
resistor 690 and a zener diode 697 limit the transients. The FSK signal is biased by a divider formed by a resistor 698 
and a resistor 699 and input through a resistor 681 to an operational amplifier 682, which buffers the FSK signal The 
output of the operational amplifier 682 is the signal FRCV which is connected to a modem circuit on the microprocessor 
board ol the associated device 308. 1 • 

[0055] Turning now to Figure 10, embodiments of a loop EMC filter 401 and an intrinsically safe protection circuit 
402 are shown. The EMC fitter 401 is composed of first and second ferrite beads 403 and 404 and three capacitors 
405, 406 and 407. The EMC filter 401 serves to attenuate noise and transients into or out of the power manager circuit 

[0056] The intrinsically safe protection circuit 402 is comprised of three series blocking diodes 413 414 and 415 
and a TVS diode 416. These diodes provide an energy limiting' barrier through which Wpower management-circuit 
-300 receives-.ts operating voftage-+LOOPana-L-aoP. This energy limiting barrier reduces electrical discharges ca- 
pable of causing combustion of the surrounding materials. The diodes 413, 414, 415 and 416 prevent damage by 
reverse connection of loop voltage and prevent discharge of any capacitance if the loop voltage is shorted This in 
turn, prevents any sparks from occurring in a hazardous area. 

[0057] The above description of several exemplary embodiments is made' by way of example and not for purposes 
of limitation. Many vanations may be made to the embodiments and methods disclosed herein without departing from 
the scope and spirit of the present invention. The present invention is intended to be limited only by the scope and 
spirit of the following claims. ■ ' ' 



Claims 



1 . A loop current regulating circuit for producing a demanded Current in a loop current circuit that 1 contains an actual 
45 current, comprising: 

a current compare circuit receiving a demanded current signal, said current compare circuit comparing the 
actual current to the demanded current signal and producing a control signal; '" 
an active upper device receiving said control signal and conducting based on said control signal to produce 
50 said demanded current; 

an active lower device receiving said control signal and conducting based on said control signal to produce 
said demanded current; and ' 

an intermediate node where said active upper device and said lower device are electrically coupled and said 
^ voltage at said intermediate node able to float to the voltage necessary to provide said demanded current. 

2. The loop current regulating circuit of claim 1 wherein said active lower device is biased to conduct only when 
needed to drain excess demanded current. 
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3. The loop current regulating circuit of claim 1 , further comprising a reach up active device, said reach up .active 
device receiving control signal from said comparison circuitry and controlling said active upper device and said 
lower device. 

5 4. The loop current regulating circuit of claim 1 , further comprising: 

a receive FSK circuit coupled to said current loop, said receive FSK circuit receiving frequency shift key signals 
from said loop current circuit; and 

a transmit FSK circuit coupled to said loop current circuit, said transmit FSK circuit transmitting frequency shift 
io key signals on said current loop.' ' t 

5. The loop'current regulating circuit of claim 1 /further comprising:, 

an EMC filter; and .., ... 

J £ series blocking diodes. ■ ' 

6. The loop current regulating circuit of claim l , wherein said. upper active device is a MOSFET. 

7. The loop current regulating circuit of claim 1 , wherein said lower device is a MOSFE J. 

8. The loop current'regulator of claim 3, wherein said reach up active device is an NRN transistor. 

9. A power management circuit for producing a demanded current .in a loop current circuit that contains'an actual 
"current and providing power to an associated device, comprising: 

25 

a current compare circuit receiving a demanded current.signal, comparing said actual current to said demanded 
current signal and producing a contrpl signal; 

an active upper device receiving said control signal and conducting based on said control signal to produce 

said demanded current; ..... . , 

30 an active lower device receiving said control signal and conducting based on said control signal to produce 

- said demanded current; *' .. ., ... ^ ■ ■ - 

an intermediate node where said active upper device and said lower device are electrically coupled having a 

voltage, and said voltage at said ihte.rmediaie node able to float to the voltage necessary to provide said 

demanded current; and - ■- 

3S a power regulating circuit receiving said ypftage from sa|d intermediate node and outputting at least one'lesser 

voltage to said associated device. 

10. The power management circuit of claim 9 wherein said power regulating circuit comprises: 

■to a transient filter receiving voltage from said intermediate node and storing energy received from said interme- 

diate node; 

a switching regulator receiving voltage from said transient filter and outputting a lesser voltage; and 
a linear regulator receiving a voltage from said loop. current circuit and outputting a lesser, voltage. 

•»5 11. The power management circuit of claim 9, further comprising: 

a power fail detect delay circuit providing a first signal to said active upper device to increase said voltage 
at said intermediate node and a second signal to said associated device when said. voltage at said intermediate 
node is not enough for said power regulating circuit. 

so 12. The power management circuit of claim 1 0 wherein the linear regulator shuts down the switching regulator when 
the voltage received by the linear regulator falls below a predetermined level. 

13. A power management circuit for producing a demanded current in a loop current circuit that contains an actual 
current and providing power to an associated device, comprising: 



ss 



a current compare circuit receiving a demanded current signal, comparing said actual current to said demanded 
current signal and producing a control signal; 

an active upper device receiving said control signal and conducting based on said control signal to produce 
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said demanded current; 

an active lower device receiving said control signal and conducting based on said control signal to produce 
said demanded current, said lower device biased to conduct only when needed to drain excess demanded 
cu front, 

5 !l inter T dia i, e n .° de Wh6re S3id 3C,iVe Upper deviCe and said '°wer device are electrically coupled and said 

voltage at Sa ,d mtermed.ate node able to float to the voltage necessary to provide said demanded current 

a nT,on,^„ aCt,Ve ? Vi ? e ' S3id feaCh UP aCtiVe d6ViCe feCeivin9 COntrol si 9 nal ,rom said comparison circuiiry 
and controlling said active upper device and said lower device- 

« ' tZ^2nent^r Pied r **»™ ^ recerving frequency shift key signals 

a transmit FSK circuit coupled to said current loop, said transmit FSK circuil transmitting frequency shift kev 
signals on said current loop; and '"' " y y 

a power regulating circuit' receiving said voltage from said intermediate node and outputting at least one lesser 
voltage to said associated device. lesser 

14 ' ste'os of^ ° f Creatin9 3 demand6d CUfrent in a ,0 °P current circuit containing an actual current, comprising the 
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30 



steps of: 

sensing said actual current on said loop current circuit; 

comparing said actual current to a signal representation of said demanded current 

creating a control signal from said comparison of said actual current and said signal representation of said 
demanded current; and 

creating a demanded current by controlling an upper active device and a tower device with said control signal 
such that a voltage at an intermediate node between said upper active device and lower device can vary as 
necessary to attain said demanded current. 

at said intermediate node; and prov.ding said stepped down voltage to an associated device. 
16 " ixepso'v* ^ Creati " 9 3 demanded CUrr6nt in 3 IO ° P Currenl circuit containing an actual current, comprising the 



35 



40 



sensing said actual current on said loop current circuit; 

comparing said actual current to a signal representation of said demanded current 

creat.ng a control signal from said comparison of said actual current and said signal representation of said 
demanded current; 

creating a demanded current by controlling an upper active device and a lower device with said control signal 
such that voltage at an intermediate node between said upper active device and lower device can vary as 
necessary to attain said demanded current; 
stepping down said voltage at said intermediate node; and 
providing said stepped down voltage to an associated device. 

1 7 ' co C m U p r rSng e9Ula,in9 Cr6atin9 * demanded current ,or use in a loo P curre nt circuit with an actual voltage, 

means for sensing said actual current on said loop current circuit; 

means for comparing said actual current to a signal representation of said demanded current- 
means for creating a control signal from comparison of actual current and said signal representalion of said 
demanded current; and 

means for creating a demanded current by controlling an upper active device and a lower device with said 
control signal such that voltage at an intermediate node between said upper active device and lower device 
can vary as necessary to attain said demanded current. 

18. The loop current regulating circuit of claim 17, further comprising: 

means for stepping down said voltage at said intermediate node; and 
means for providing said stepped down voltage to an associated device. 
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19. The loop current regulating circuit of claim 17, further comprising means for receiving FSK signals and means for 
transmitting FSK signals. 

20. A power management circuit for use in a loop current circuit with an actual current and a demanded current, 
s comprising: 

means for sensing said actual current on said loop current circuit; 

means for comparing said actual current to a signal representation of said. demanded current; 
means for creating a control signal from comparison of actual current and said signal representation of said 
demanded current; 

means' for creating a demanded current by controlling an upper active device and a lower device with said 
control signal such that voltage at an intermediate node between said upper active device and lower device 
can vary as necessary to attain said demanded current; 
means for stepping down said voltage at said intermediate node; and 

means for providing said stepped down voltage to an associated device. : 



10 



15 



25 

■ i ■ . ■ r. • . ,1 ' 



30 



35 



40 



45 



50 



11 



EPO 895 209 A1 




DC 

go 

_..q_ 



I— LU 




^ OC 


i— 


az S: 


o 




oc 


„. =3 o 

$2 C_3 O 


o 







Q_ 
O 
O 
I 

I 

-o 



BNSDOCID: <EP 0895209A1.I > 



12 



EP 0 895 209 A1 



col 



O LU 

CO Q 
CO 

<« 





cc 






o 




o 


CO 




cc 


CO 




o 


LU 
O 






g| 




oc 


col 








> 



CO 
CO 



CO 

cc 



CVJ ■ 
evil CC g tZ 
LL1 ^ ZZ) 
^ -J O 
O OlOC 
Q-CDq 



CC 



o 









SI 






col 






I 


£c 






1 

U-l 


t— 


OC 

1 1 1 






t— 


O 


nwi 

\J V V 1 


CJ> 
(JU 

1 — 


CIR 


Q. 


LU 

Q 






CVJ 
CD 



13 



EP 0 895.209 A1 




CO 
CD 



BNSDOCID: <EP OS95209A1 I > 



14 



EP 0 895 209 A1 















evil 


oc 




or 


o 




LU 










o 


o 


ID 


oc 


Q_ 


CD 

LU 


o 




oc 





CD 




Q_ 
O 
O 



15 



.1 ' 



EP 0 895 209 A1 



+ LOOP 



200 

TO POWER ) 
REGULATOR 
CIRCUIT 

220 




FIG. 5 



16 



BNSDOCID: <EP 0895209A1 I > 



* 



EP 0 895 209 A1 




SI 
col 



> 

LU 











col 


Q ' ' 




O 




I 



> 

LO 
+ 







QC 


SI 


CD 


O 


col 


CO 




cc 


CO 






UJ 

O 

o 




2 






QC 






Q_ 



CO 
CO 

o 

CJ> 







cc 


col 




o 




cc 


!< 








<t 


=> 




LU 


CD 

LCJ 






CC 



O 

O 











col 


























CO CC 



to; 



CD 
CD 



CO 



o 

CVI 
CO 



f— — I 
O ZOf- 
cnjI UJ cc S 

CC (— ^ 

=> o 9E 
u o o 



17 



f 




BNSOOCID <EP OSSSZCOAIJ..:. 



18 



EP 0 895 209 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 63 0036 



Category 



8 
I 
a 
s 



8 

s 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate 
of relevant passag es 



WO 94 20940 A (MILLTR0NICS LTD.) 
15 September 1994 

* abstract * 

* page 5, line 29 - page 6, line 34 * 

* page 7, line 20 - page 9, line 20- 
figures 1,2 * 

EP 0 591 926 A (FISHER CONTROLS 
INTERNATIONAL INC.) 13 April 1994 

* abstract * 

* column 3, line 50 - column 4, line 4 * 

* column 5, line 2 - line 45; figures 6-11 

GB 2 229 897 A (FISCHER & PORTER COMPANY) 
3 October 1990 



Relevant 
to claim 



1-20 



1-20 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



G08C19/02 



abstract * 
page 7, line 8 



page 8, line 3 * 



1-20 



The present search report has been drawn up for all claims 



Place of seaich 

THE HAGUE 



Oato o( comptotion <j| tie ranch 

7 December 1998 



CATEGORY OF CITEO DOCUMENTS 

X : particularly relevant if taken alone 

Y : parbcutarty relevant < oombined with another 

document ot the same category 
A : technological background 
O : non-written dbdosum 
P : IntermeoMe document 



TECHNICAL FIELDS 
SEARCHED <lnLCt.e> 



G08C 



Examiner 

O'Reilly, D 



T : theory or pnneiple underlying the invention 
E : earlier patent document, but published or, or 

alter the faing data 
D : document cited in the application 
L : document cited for other reasons 



4 : member of the same patent family, i^ataondina 
document v 



22 

X;iD. <EP O89S209A1 J_> 



